INTRODUCTION AND MATERIALS
THE genus Pennisetum consists, cytologically, of two groups of species, one with a basic chromosome number of x = 7 and the other with x = g (Darlington and Wylie, 1956 ). The annual large-seeded P. typhoides (2n = 14) has been used in hybridisation programmes in an endeavour to breed a large-seeded perennial for use in ley farming (Gildenhuys, 1950) . It was crossed with perennial P. purpureum (2n 28), the only other known species in the x = 7 group.
In a search for other perennial species to be used for crossing, the senior author collected a type in the Ermelo district of the Eastern Transvaal. He found the following chromosome numbers in plants of this collection; 2fl = 6, 63, 66, 67, 70 and 86 (Gildenhuys, 1951) .* These plants were remarkably uniform both in their natural habitat and in progenies raised from seed. On crossing one plant of his collection onto P. typhoides he obtained one hybrid plant which had only 2! chromosomes. It had received 14 chromosomes from a parent with at least 56. The behaviour of the polyploid parent became a matter of interest and it is this behaviour, reported below, which has led us to suggest for this type the nomen P. dubium.t
OBSERVATIONS (I) Mitosis
Nine clones grown in pots in the field and numerous natural seedlings germinated in an incubator at 25° C. all showed varying numbers of chromosomes in the same root tip. Complements varying in number from 14 to 84 (i6i cells) were observed, the most frequent number being 66 ( fig. IA) . Cell size increased with chromosome number.
To obviate the possibility of over-squashing (Walker et al., 1954) , counts from intact cells only were recorded. * This type was identified by Professor A. P. Goossens as P. sphacelatwn. Since then, however, Dr Hubbard and others have classified it as P. macrourum. Crook (1955) pointed out the difficulties of distinguishing between these two species, but according to Mr D.
Killick specimens at Kew, where this grass was sent for matching, are distinct. The chromosome number of P. sphacelatum has not yet been determined. The number given by Darlington and Wylie for P. macrourum is 2n = 45, as determined by Avdulov. Mr D. Killick, who checked on Avdulov's original publication, states that this number should read 272 = 54 and also points out that there Cannot be certainty that Avdulov's material was correctly named.
t Root tips were stained and squashed in aceto-carmine with ferric chloride, anthers in acetic-orcein. Both were fixed in Carnoy's (6 : 3 i). Root tips were sometimes prefixed for hours in a saturated aqueous solution of ct-bromonaphthalene. one or more nuclei might be in the resting stage, whilst the remainder were in any one of the different phases of division ( fig. 2A-B formed by the simultaneous division of more than one nucleus in the same cell. This happened both in pretreated and in untreated material. The number of groups was mostly 2 to 4 ( fig. 2D ), but in rare cases 5 or 6. In some cells single chromosomes or very small groups of chromosomes appeared to be scattered at random in the cytoplasm, away from the main groups ( fig. 2C ). In cells with a large number of groups it was occasionally possible to count the number of chromosomes and they varied from 2 to 22 per group in equal or unequal numbers. Equatorial views of metaphase occasionally showed groups not orientated on the equator. Tripolar, quadripolar and split spindles could be seen at anaphase, and lagging chromosomes were also observed. Cells with telophase nuclei often also had micronuclei and/or individual chromosomes scattered in their cytoplasm. Cell walls were rarely formed. C "V. r Very few cell divisions were found in the root tips of two clones and in these multinucleate cells appeared to be more prevalent than in the remaining clones. Table x shows the frequency of all types of abnormalities at all phases of mitosis in 5 different clones. (ii) P.M.C. meiosis
Abnormalities similar to those in the root tips were also encountered at meiosis, but they were less intense and less frequent (table 2). Two or even threc 1ei occurred in certain P.M.C's. These cells obviously arose from abnormal pre-meiotic mitoses which resulted in two types :-(i) binucleate cells which arose through failure of cell-division and (ii) those in which one of the nuclei of binucleate cells had undergone a reduction division, thus producing two reduced interphase nuclei and one persistent pre-meiotic resting nucleus.
These two types could be distinguished by the sizes and positions of their nuclei. The timing of the nuclear divisions in such cells was almost invariably irregular ( fig. 3D ), and none of them produced countable chromosome plates. The few nearly countable ones revealed upwards of 50 in the same cell with one or two resting nuclei. Interphase dyads had no more than two nuclei per cell. Some of these were simultaneously dividing with two metaphase plates, one above the other in the same cell. Rarely one cell of a dyad contained a normal nucleus whilst the other contained only a micronucleus surrounded by stained material.
Tripolar and quadripolar spindles also occurred at anaphase of both divisions. Such spindles would account for the presence of two nuclei in cells of interphase dyads. From the sizes of these nuclei they could not be confused with micronuclei following lagging.
Groups of chromosomes were also observed at all phases of both divisions. Here, however, two complications arose. First, the occurrence of sticky chromosomes precluded the possibility of distinguishing clearly, in first divisions, between the types of groups found at mitosis and the type formed as a result of stickiness or a combination of both ( fig. 3c ). Second, lack of association and also of co-orientation of both bivalents and univalents together with stickiness could equally well account for the presence, in certain cells, of individual chromosomes and small groups scattered away from the main groups. Stickiness was more pronounced in second divisions, but here, groups similar to those at mitosis could, in certain cases, be distinguished, uncomplicated by chiasma associations.
Stickiness frequently led to clumping ( fig. 3c ). In first division preparations, clumps often occurred in the same cell as distinguishable univalents, bivalents, etc. Stickiness persisted through interphase in which many preparations had the two nuclei joined by chromatin material in the form of either a broad band ( fig. 3A) or thin extended threads curling in different directions through the cytoplasm ( fig. 3B ). Chromatin material joining sticky interphase nuclei was distinct from inversion bridges. Chromosome numbers. As a result of stickiness and also of variation in chromosome numbers, it was often difficult to determine the associations and hence the chromosome numbers in first divisions. Consequently, the chromosome numbers in first P.M.C. divisions were determined entirely from normal or nearly normal early anaphases. These numbers varied from 47 to 74 in I 17 cells, the most frequent number again being 66 ( fig. i B) . In dyad cells, in which stickiness was less severe, the numbers varied from 9 to 37 (ioi cells), the most frequent number being 23 ( fig. i c) .
Chromosome associations and distribution. From P.M. C. 's undergoing normal or near normal first divisions the chromosome associations in diakinesis and MI reflected in table 3 were obtained.
The lowest degree of association was in a cell with 27 I + '9 II = 65.
Four cells (' '8 per cent.) showed no univalents. In these the associa- Eighteen cells (35'3 per cent.) contained less than 5 univalents. Univalents divided either at first or at second division. Bridges occurred in 70'5 per cent, of first divisions (table 4). They rarely appeared at second division.
In certain MI plates there was a lack of co-orientation of bivalents, which lay scattered in the cytoplasm whilst others were co-orientated. Occasionally however some were found to divide quite normally after the others had nearly reached the poles. Those which failed to orientate by late AT then migrated to the poles as undivided bivalents.
D
At late TI they were sometimes still undivided and lying outside the nuclei. They were not seen to persist as bivalents into second division. In All, however, there were occasionally undivided univalents, and they may have been the products of bivalents which had divided in the second division. 
ABNORMALITY AT MITOSIS
The mitotic abnormalities appear to be of three main kinds (i) Delayed cytokinesis in otherwise normal cell divisions. If the chromosome number of this grass is taken as 2fl 66 then the highest number observed (2n = 84) indicates that cell-wall formation seldom fails altogether. The presence of a large nucleus in the same cell as about 66 metaphase chromosomes was the nearest approach to a cell with a doubled number that was observed. Multinucleate cells could, of course, have arisen through failure of cytokinesis, but they may also be the result of the other abnormalities discussed below. It seems more likely that cytokinesis seldom fails altogether but that it is delayed until subsequent division of the chromosomes. Because of the high frequency of abnormal anaphases, telophases and prophases as compared with metaphases (table i), it is thought that it generally sets in after the first subsequent mitotic prophase. Table i includes as "abnormal" also normal divisions of more than one nucleus per cell.
(2) Spindle abnormalities. Although the presence of a spindle was not demonstrated, the discontinuous arrangement of chromosomes on equatorial plates ( fig. 2C ) could be the result of a discontinuous or incompact spindle as described by Darlington and Thomas (ig,') in meiosis of a Festuca-Lolium derivative. Tripolar and split or quadripolar spindles are evidently present in some cells. In cases where three nuclei appeared in the same somatic cell, one was often very much larger than the other two ( fig. 2B ), indicating the possibility that a tripolar spindle and failure of cell-wall formation after telophase may have been the cause. Owing to the fact that cytokinesis was so rare, an actual reduction in chromosome number due to spindle abnormalities was never observed. That this type of abnormality may lead to variation in chromosome number is, however, evident.
(3) Group formation of chromosomes. Over-squashing (Walker et al. 1.c.) could well be the reason for the presence of groups, especially when these groups are separated by cytoplasmic "breaks ". In this material, however, numerous apparently intact cells without such breaks were observed to contain groups of chromosomes. The possibility that the chromosomes could be irregularly distributed after cytokinesis in such cells is apparent.
These abnormalities are similar to those described by Snoad (i) in Hymenocallis calathinum. Whether they are all due to a single basic cause which upsets the spindle (Vaarama, and Snoad, l.c.) or whether they arise from separate causes (Ostergren, 1950 ) cannot be stated without inducing them experimentally, as has been done by Huskins et al. (1950) and his school when they propounded their ideas on "somatic meiosis ", "reductional grouping" and "segregational reduction". Nevertheless, noteworthy facts are that they exhibit a wide range and that they occur naturally with a high frequency. The views of Wilson et al. (1952) regarding the " semi-separable zones of activity" of the spindle might well explain different manifestations of an abnormality which could be induced extraneously, but which could, as appears in this case, also arise from the genotype.
In fact, as Sachs (i4) has pointed out, not only can subdiploid variation be caused by environmentally controlled mitotic abnormalities, but certain gene combinations can cause distinct abnormalities such as split spindles in both mitosis and meiosis, multipolar spindles at meiosis and so on. In this case environmental agencies could be excluded, as the same abnormalities occurred in root tips of seedlings germinated under normal conditions.
ABNORMALITY AT MEIOSIS
Abnormalities similar to the three types described above also arise at meiosis. Added to these there are the stickiness and the abnormal reduction after the first meiotic divisions. Stickiness has been observed in many organisms by different workers. Evidence of the causes of this abnormality is scarce and vague. Beadle (1932) attributed stickiness in Zea raays to a single recessive gene. Walters (1950) also be influenced by environmental conditions ". Ono (1951) explained similar phenomena in intergeneric hybrids in Cichorie by his "hypothesis of residual affinity ", whereby it is assumed that in nuclei of heterogeneous origin the presence of homologous sections, large or small, in different chromosomes, will cause secondary association to the extent of forming netlike configurations at early diakinesis.
Recently Davies (1956) pointed out that stickiness often occurs in both meiotic divisions in species of plants and insects which lack localised centromeres. In almost all reported cases stickiness is accompanied by breakage or loss of chromosomes. The occurrence of stickiness at both meiotic divisions and its effects suggests that it is connected with the other abnormalities.
The highly reduced numbers of chromosomes in dyads might be the result of several causes. Although somatic cells with chromosome numbers as low as 14, i8 and o continue to divide mitotically they are eliminated, probably through competition, by the time microsporogenesis takes place and only the higher numbers occur at this stage ( fig. IB) . After first meiotic division, however, an abnormal reduction in number takes place ( fig. i c) . This reduction could be the result of spindle abnormalities arising in first division or of lack of association and of co-orientation with resultant lagging. The frequency of the former (table 2) and of laggards and micronuclei (table 5) and the sizes of these micronuclei do not explain this loss however. Stickiness in itself probably contributes in part to this loss, perhaps as a result of fragmentation and disintegration. Thus, for instance, uneven distributions at Al were not observed to be of the order which would result in daughter cells, one of which contained only a small micronucleus as described earlier. Because of the marked stickiness and also the lagging in second divisions, this reduction in chromosome number probably continues when tetrads are formed. Great variation in size of pollen grains (table 6) is therefore to be expected. Under these circumstances a lower percentage of stainable pollen might also be expected.
How then is polyploidy maintained? An explanation may be found in apomixis, which is probably more common in perennial grasses than is suspected. The hybrid shows, however, that pollen grains with chromosome numbers as low as 14 can be produced, and moreover, that such grains are viable and function in crosses.
BASIC NUMBER
As to the position of this species in a genus with basic chromosome numbers of 7 and g, several possibilities exist. Either a new basic number for the genus should be added, or another explanation should be found for the occurrence of the number most frequently observed (2n = 66). The types of abnormalities in this grass have been found more frequently in hybrids than in species and although 66 is neither
